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Abstract

ACL injuries are a significant risk for athletes across sports. One of the sports that reports the
highest rate of ACL injury is wrestling. The mechanism of injury among wrestlers appears to be
unique and has limited data compared to other sports. Several nonmodifiable risk factors have
been studied for ACL injury, as well as several modifiable risk factors that include BMI,
muscular composition, and high-risk movements. The hamstring to quadriceps strength ratio
(H:Q) is one aspect of muscular composition that has received little attention in collegiate
wrestlers. The purpose of this study was to analyze the H:Q strength ratio in male collegiate
wrestlers in order to investigate the ACL injury risk in this population.
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Hamstring to Quadriceps Strength Ratio in Collegiate Wrestlers
Introduction
Anterior cruciate ligament (ACL) injuries present a major risk for many athletes, and
much effort has been given to reduce the risk of these injuries (Shultz et al., 2019). Part of this
approach has been in identifying risk factors for ACL injuries. Many factors influence the onset
of ACL injuries and despite current interventions, injury risk remains high (Shultz et al., 2019).
Further research is needed to mitigate the risk of ACL injuries across different sports.
For men, the sports that have the highest incidence of ACL injuries are football, with an
injury rate of 0.17 injuries per 1000 athlete-exposures (A-Es) and wrestling, with an average
ACL injury rate of between 0.15 and 0.16 injuries per 1000 A-Es (Agel et al., 2016). Other
men’s sports include basketball (0.08), lacrosse (0.13), and soccer (0.04). Women’s sports record
even higher rates. This includes women’s basketball (0.22), gymnastics (0.24), field hockey
(0.11), soccer (0.10), and volleyball (0.04).
Wrestling has one of the highest rates of ACL injuries in male sports (Agel et al., 2016).
However, little is known about rate of contact ACL injury in the sport. Since wrestlers are
generally in contact with each other during practice or competition, a “contact” injury for the
purposes of this study will be considered direct contact to the knee joint. An analysis of ACL
injuries in sumo wrestlers revealed some of the potential injury mechanisms for wrestlers
(Goshima et al., 2011). While sumo wrestling is a sport distinct from collegiate wrestling, it still
is a grappling-based sport, and thus is worth considering (Beekley et al., 2006). This study
reported a noncontact injury rate of 100 percent for the 8 wrestlers who were analyzed in this
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study (Goshima et al., 2011). Another study looking at collegiate wrestlers reported a noncontact
injury rate of 50 percent (Lightfoot et al., 2005).
Mechanism of ACL Injury Across Sports
The mechanism of ACL injury has been studied in depth in several sports, and usually
occurs while changing direction in non-contact situations (Waldén et al., 2015). Single leg
“cutting,” or changing direction at high speeds, shows little activation of the hamstring and
greater activation of the quadriceps, which could increase the strain on the ACL (Colby et al.,
2000). Landing from a jump can also lead to ACL injury, such as in skiing (Hame et al., 2002).
These movements lead to anterior shear force on the tibia or a torsion force within the knee,
which significantly increases stress in the ACL (Meyer & Haut, 2008). This mechanism of
noncontact injury is commonly reported across multiple sports, including soccer and basketball
(Krosshaug et al., 2007; Waldén et al., 2015). Among wrestlers, however, the mechanism of
injury is not well understood. In sumo wrestlers, ACL injuries have been found to occur when a
planted leg is externally rotated and flexed at a mean angle of 57.2 degrees (Goshima et al.,
2011). Another study supported these findings, as ACL injury occurred when a planted foot was
twisted with subsequent rotation of the knee joint, or when there was direct contact to the knee
(Lightfoot et al., 2005). This study by Lightfoot et al. is the only study to date that has analyzed
the mechanism of ACL injury in collegiate wrestlers.
Nonmodifiable Risk Factors
Gender
Much higher ACL injury rates have been reported in female athletes than in male athletes
(Uhorchak et al., 2003). Female soccer players are at least three times more likely to suffer ACL

H:Q WRESTLING STRENGTH RATIO

6

tears than male soccer players (Agel et al., 2005), and female basketball players are four times
more likely to suffer an ACL injury compared to their male counterparts (Arendt & Dick, 1995).
Interestingly, the common risk factors identified for ACL injury appear to predict injury more
accurately for women than men (Uhorchak et al., 2003). In a prospective 4-year study of 859
military cadets, ACL injury was compared to several risk factors, and it was determined that the
non-contact injuries among men were much more random and less related to significant risk
factors, suggesting different noncontact injury mechanisms (Uhorchak et al., 2003). Several
studies analyzing the anatomy and function of male and female knee joints support this notion.
One study performed stress testing on the knee by introducing an anterior translation stress on
the tibia with 30 pounds of force (Huston & Wojtys, 1996). In this study, females recorded the
greatest tibial translation among both athlete and control groups, indicating greater joint laxity.
Additionally, female athletes recorded a different muscular activation than the other groups: they
contracted their quadriceps first in response to the stress, whereas the other groups (male control,
female control, and male athletes) contracted their hamstrings first. This suggests less
antagonistic contraction from the hamstring to support the ACL. Men are also able to produce
significantly greater peak torque than women, including when adjustments for bodyweight are
made (Anderson et al., 2001), and men also have been reported to have greater H:Q ratio at 60
deg ∙ sec-1 of flexion and extension of the knee (Anderson et al., 2001).
Notch Width
Notch width may be a factor predisposing ACL injury. Femoral notch width is measured
at the level of the popliteal groove and is the distance between the inside of the femoral condyles
(Muneta et al., 1997). A joint notch less than 13 mm among women is considered narrow and
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may be related to ACL injury (Uhorchak et al., 2003). However, the evidence for whether joint
notch width is related to ACL injury is conflicting (Schickendantz & Weiker, 1993, Keays et al.,
2016). A study by Lombardo et al. (2005) did not support a narrow notch as a risk factor for
ACL injury. However, this was for professional male athletes with an average notch width of 23
mm. Only 2% of participants had a notch width less than 15 mm. This is still significantly larger
than the 13mm that was considered a risk factor for females and should be taken into
consideration. Notch shape and geometry has also been considered a possible contributor. Five
unique shapes for the notch have been identified, suggesting more factors than simple notch
width (Anderson et al., 1987). Simon et al. (2010) supported this idea by measuring the
intercondylar notch inlet and outlet and found that both were significantly larger among the
healthy group in this study as compared to the group that suffered ACL injury.
Joint Laxity
There is conflicting evidence regarding the relationship between joint laxity and ACL
injury. Joint laxity has been shown to be present among those with previous ACL injury (Branch
et al., 2010). Among women in particular, joint laxity may increase their risk of ACL injury. A
five times greater risk for ACL injury among female athletes has been indicated for those with a
positive test for knee hyperextension (Myer et al., 2008). This joint laxity among women may
occur due to hormonal differences. Shultz et al. (2012) found that the landing biomechanics
among women was worst during the point in their menstrual cycle of greatest joint laxity, which
is associated with the greatest change in estrogen levels (Heitz et al., 1999). There is also
potential evidence for variations in tendon strength from the menstrual cycle, though there is
little agreement in this area (Hughes & Watkins, 2006; Wojtys et al., 2002). A study by Weesner
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et al. (2016), however, reported no significant difference between male and female joint laxity
when tested with an arthrometer when testing at 30 degrees and 70 degrees of flexion, thus
calling the influence of gender on joint laxity into question. When considering both genders, a
statistically significant difference has been found but may not be truly significant due to high
standard deviation in the results (Anderson et al., 1987). Thus, there is conflicting evidence
regarding joint laxity as a risk factor for ACL injury.
Ligament Thickness
Despite no direct connection to ACL injury, there are other potential markers of a
relationship between ligament thickness and ACL integrity. According to Hughes & Watkins
(2006), there is no evidence of a connection between ACL thickness and rate of injury. However,
indirect indicators have been suggested through several avenues. Differences between male and
female ACL size have been demonstrated, suggesting weaker ACL structures among women
(Charlton et al., 2002). Intercondylar notch width and volume, which has a more established
relationship with ACL injury, has evidence for a correlation with ACL volume (Simon et al.,
2010). While not a direct connection, Chaudhari et al. (2009) found a significant relationship
between ACL size and injury when controlling for weight in the individual. They found that the
ACL volume was 231mm2 less than the non-injured ACL on average when controlling for
weight. Quadricep strength is another factor that may be correlated with ACL thickness,
suggesting that ACL volume is increased as an adaptation from the stress from greater quadricep
activation. These results suggest an indirect connection between ACL volume and injury.
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Patellar Tendon-Tibia Shaft Angle
There is some evidence supporting the patellar tendon-tibial shaft angle (PTTSA) as a
risk factor for ACL injury. The PTTSA represents the angle between the line of action of the
patellar tendon and the tibial shaft (Hughes & Watkins, 2006). A larger measure of this angle
indicates greater shear force on the tibia, which leads to greater strain on the ACL. The strain on
the ACL has been measured to be the greatest at or near full extension of the knee (Hughes &
Watkins, 2006). Nunley et al. (2003) found that there was a linear relationship between the knee
angle and the PTTSA, so that the PTTSA increases as the knee extends. This study also reported
that women had an average of 3.7 degrees greater PTTSA than males and 13.2% greater shear
force, suggesting greater PTTSA forces among women. Figure 1 illustrates the line of action for
the force created by the PTTSA.
Q-Angle
There is limited data in regard to the effect of Q-angle on ACL injury. Gender differences
have been documented, with females recording a 30% greater Q-angle than males (Moul, 1998).
While general ACL injuries do not suggest a significant relationship with the Q-angle, there is
evidence that supports a significant difference among non-contact ACL injuries (Kızılgöz et al.,
2018; Mohamed et al., 2012). Thus, the data is limited in regard to the effect of Q-angle on ACL
integrity.
Posterior Tibial Slope
The posterior tibial slope has been studied in relation to the ACL, as an increased angle
may increase the strain on the ACL. The mechanism of stress comes from the force directed
downward on the tibia from landing on the leg, which is redirected as an anterior shear force due
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Figure 1
PTTSA Force Line of Action

Note: Nunley, R. M., Wright, D., Renner, J. B., Yu, B., & Jr, W. E. G. (2003). Gender
comparison of patellar tendon tibial shaft angle with weight bearing. Research in Sports
Medicine: An International Journal, 11(3), 173–185.
https://doi.org/10.1080/15438620390231193. Used with permission from Taylor and Francis
Online.

to the posterior tibial slope (Bojicic et al., 2017). It has been demonstrated that trauma-based
impact may lead to greater injury among those with greater posterior tibial slope (McLean et al.,
2011). As little as a 1 degree reduction in posterior tibial slope may indicate an 11 percent
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increase in the risk of ACL injury (Bojicic et al., 2017). Lateral posterior slope specifically has
support as a risk factor as well. The lateral posterior slope causes rotation of the femur in relation
to the tibia, since the lateral posterior slope causes rotation when under axial compression
(Simon et al., 2010). A significant relationship between injury and greater lateral posterior slope
has also been reported by Simon et al. (2010). Thus, an increase in posterior tibial slope may be
related to a greater ACL injury risk.
Model for Passive Stability
A model for passive stability of the knee joint has been proposed by Hughes and Watkins
(2006). This model incorporates several of the non-modifiable risk factors and is presented in
Figure 2. This model presents a potential organizational model for ACL integrity. The “size and
shape of the condylar surfaces” incorporates the notch width in its definition, which has been
discussed as a risk factor for ACL injury (Hughes & Watkins, 2006, p. 416). Also mentioned is
the ligamentous cross-sectional area, which would include the ACL itself. Lastly, the ligament
laxity, which may be caused by several factors, has been discussed as a potential risk factor.
Thus, this model presents a possible framework for ACL integrity regarding the passive
structures of the knee.
Modifiable Risk Factors
Body Mass Index (BMI)
A higher body mass index has evidence as a risk factor for ACL injury, particularly when
present with other risk factors. Uhorchak et al. (2003) indicated that a higher BMI has been
indicated as a risk factor for ACL injury, especially among women. They found that females
greater than 1 SD above the mean BMI were at a 3.5 times greater risk of ACL injury. However,
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Figure 2
Model for Passive Stability within the Knee Joint

Note: Hughes, G., & Watkins, J. (2006). A risk-factor model for anterior cruciate ligament
injury. Sports Medicine, 36(5), 411–428. https://doi.org/10.2165/00007256-20063605000004. Used with permission from Springer Link.

there was not a connection between BMI and ACL injury among the men in this study. Anderson
et al. (2001) also supports the influence of gender on the effect of BMI. They found that men had
a greater ACL cross-sectional area than women at the same bodyweight based on MRI scans.
However, when correcting for lean body mass, there was no significant difference between ACL
size for male and female. This potentially explains why a greater BMI appears to be more of a
risk factor for women than for men.
A study of 1687 naval academy students showed that a narrow notch combined with an
increased BMI showed a significant relationship with ACL tears (Evans et al., 2012). It was also
noted that the mean BMI of the injured group was 25.6 kg ∙ m-2, and the BMI of the uninjured
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group was 24.4 kg ∙ m-2. There is also evidence for a relationship when considering both genders.
ACL injury risk has also been supported for BMI in combination with posterior tibial slope
(Bojicic et al., 2017). In addition, a greater bodyfat to lean muscle ratio has been associated with
a greater knee valgus during a single-leg jump landing (Akimoto et al., 2009). Based on these
findings, BMI has evidence that supports it as a risk factor for ACL injury.
High-Risk Movement
Several positions and movement patterns have been identified as potentially influential
on ACL injury. One is the valgus knee position (Colby et al., 2000; Kim et al., 2015; Shin et al.,
2009). It has been reported that ACL strain is greater when landing in a valgus position than
when landing in a neutral position (Shin et al., 2009). With a valgus moment between 0 and 8
Nm, Shin et al. (2009) reported a negligible measurable increase in ACL strain. When the valgus
moment was between 10 and 40 Nm, however, there was a greater increase in ACL strain,
suggesting a greater risk of injury when the knee valgus is apparent. However, researchers have
noted that an isolated valgus moment does not appear sufficient to cause an ACL tear.
Significant levels of valgus orientation and internal tibial rotation have been found among knees
with injured ACL’s when analyzing MRI scans of the injured knees (Kim et al., 2015; Oh et al.,
2012). Knee valgus in combination with internal tibial torque also increases the risk of injury to a
greater degree (Oh et al., 2012). Thus, knee valgus may be considered a risk factor for ACL
injury.
An additional risk factor associated with body movement is the degree of knee flexion,
usually when it is less than 25 degrees (Kim et al., 2015; Quatman et al., 2013; Renström et al.,
1986). Kim et al. (2015) reported an average of only 12 degrees of knee flexion in the predicted
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injury positions from MRI knee scans. Renström et al. (1986) analyzed strain on the ACL using
load cells in cadaver knee joints and found that the hamstring has no protective effect on the
ACL until knee flexion reaches 30 degrees. Quatman et al. (2013) found that strain is
significantly greater in the ACL than in the medial collateral ligament (MCL) at 25 degrees,
which demonstrated how ACL tears can occur without concomitant MCL tear during knee
valgus injuries.
A different type of motion associated with ACL injury is perturbed or abnormal motion.
Haddara et al. (2020) looked at the difference between male and female quadricep and hamstring
muscle activation. They looked at this because perturbation during locomotion leading to
abnormal movement patterns is a common precedent for non-contact ACL injury (Griffin et al.,
2006). The subjects performed the trial on a treadmill and received the perturbation by slowing
the treadmill from 1.1 m ∙ sec-1 to 0 m ∙ sec-1 at a rate of 2.9 m ∙ sec-2. The study results showed
that the females had 1.6 times greater quadricep activation during the recovery of the
perturbation, which was significantly different than males. The male results reported twice the
hamstring activation of the females.
A torsion force on the knee, specifically when resulting from an internal tibial torque, has
been associated with greater stress on the ligament, as well as a greater risk of ACL tear at the
time of injury (Kim et al., 2015; Oh et al., 2012). This commonly occurs during cutting
maneuvers while running but is also the primary noncontact method of injury reported in
wrestlers (Lightfoot et al., 2005). In wrestling, however, it is a more significant torsion force,
since the injuries described by Lightfoot et al. (2005) and Goshima et al. (2011) are from
twisting on a planted foot. It’s notable that the torsion force that most affects the ACL is internal
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tibial torsion, rather than external tibial torsion. Fleming et al. (2001) analyzed internal tibial
forces on the ligaments within the knee in vivo using an arthroscopically applied transducer.
Since it was conducted in vivo, it presents a unique perspective compared to in vitro studies.
They reported that an internal tibial torsion force of 10 Nm resulted in greater ACL strain, but an
equivalent external torsion force resulted in no change to the ACL strain. A strain of 125 Nm on
the ACL and MCL has been found elsewhere after receiving a 3 Nm internal tibial torque load
(Meyer & Haut, 2008). When the force is increased to 10 Nm, a tensile strain of 230 Nm was
found (Hame et al., 2002). When under weightbearing conditions, however, both internal and
external torsion force resulted in increased strain on the ACL (Fleming et al., 2001).
Contralateral Muscle Imbalances
There is evidence that contralateral muscle imbalances in the lower limbs indicate a
higher risk of injury to the legs. There is a trend toward injury when leg strength varies by more
than 15% between each leg (Knapik et al., 1991). Orchard et al. (1997) reported that for
Australian footballers, all the hamstring absolute peak torque values were weaker on the side that
was eventually injured compared to the uninjured side. Leg dominance has also been studied in
relation to ACL injury. Among female athletes, no significance was found between dominant
and non-dominant legs as to which one induced greater ACL loading (Mokhtarzadeh et al.,
2017). However, the investigators did not analyze the peak torque differences between legs, so
there may not have been a significant contralateral strength deficit. In one retrospective study,
74% of males injured their dominant kicking leg, whereas only 32% of females injured their
dominant kicking leg (Brophy et al., 2010). Thus, it appears that the non-dominant leg among
women, which is likely the weaker leg, is at a greater risk of injury. The mechanism among men
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is less clearly understood than that among women, as discussed earlier (Uhorchak et al., 2003).
Other researchers have reported no significant difference for the dominant leg versus the nondominant leg as an indicator for ACL injury, but it is not clear whether their statistical analysis
was performed on genders individually (Negrete et al., 2007).
Hamstring to Quadriceps Strength Ratio
The hamstring to quadriceps strength (H:Q) ratio has been studied as a risk factor for
ACL injury (Orchard et al., 1997; Weinhandl et al., 2014). A low H:Q ratio is thought to increase
the risk of an ACL tear. A leg that has a deficient H:Q ratio is said to exhibit “quadriceps
dominance” (Ford et al., 2003, p. 1746). The H:Q ratio has been studied as a risk factor for both
muscular injury and ACL injury.
H:Q Ratio and ACL injury
Several researchers have analyzed the role of the H:Q ratio in protecting the ACL.
Wieschhoff et al. (2017) investigated the ratio between the vastus medialis and
semimembranosus quadricep muscles to help determine the role of the hamstring to quadriceps
ratio as an indicator for ACL injury (Wieschhoff et al., 2017). MRIs of 100 subjects with
complete ACL tears were compared to MRIs of 100 subjects without ACL abnormalities. Since
the researchers analyzed both the semimembranosus and vastus medialis from each MRI, there
were a total of 400 muscle measurements that were performed. Recognizing the confounding
effect of atrophy and swelling, the researchers defined any scan after 14 days of injury as “late”
and before 7 days of the injury as “early.” The noncontact ACL injury scans revealed a muscle
ratio of 1.41, whereas the control displayed a significantly lower ratio of 1.29. The contact ACL
injury group showed a ratio of 1.23, while the matched control group showed a ratio of 1.26,
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which was not significantly different. This supports the idea that the H:Q ratio is a good
predictor for noncontact ACL injuries, but not for contact injuries.
Myer et al. (2009) also affirmed the H:Q ratio as a risk factor for ACL injury. They
reported that the majority of females who remained healthy were above the ratio of 0.6 with a
mean ratio of 0.61, while the majority of females with eventual ACL injury where below the 0.6
strength ratio when tested, with a mean of 0.56. Both Li et al. (1996) and Hohmann et al. (2019)
supported this association between a higher H:Q ratio and diminished ACL injury.
Role of the Hamstrings in Protecting the ACL
Numerous investigators have analyzed the effects of the hamstring as a supporting agent
for the ACL, providing further support for the H:Q ratio as a risk factor. Renström et al. (1986)
analyzed strain on the ACL using load cells in cadaver knee joints and found that the hamstring
has a protective effect on the ACL beyond 30 degrees of flexion. The researchers noted that the
knee was more stable when the hamstring was close to the strength of the quadriceps,
particularly when both the quadriceps and hamstrings had higher absolute strength. Anderson et
al. (2001) supports this, finding that individuals with strong quadriceps also had strong
hamstrings with p < .001. Isometric contraction of the hamstring was also shown to decrease
load on the ACL (Renström et al., 1986).
More et al. (1993) measured the effect of the hamstring on anterior tibial translation and
ACL load. The researchers used a cadaver knee and a mechanical apparatus to simulate the
forces of the quadriceps and hamstring muscles in the knee. They found that the ACL load was
decreased significantly when the hamstring was activated compared to when it was not. They
noted that the ACL strain was decreased the most during 15-45 degrees of flexion and had a

H:Q WRESTLING STRENGTH RATIO

18

significance of p = .006 at 90 N of force from the hamstrings. They also noted that the load on
the ACL at full extension was the same with or without muscle activation. This supports the
injury mechanism of limited knee extension, as there is little to no hamstring support in that
range.
When the forces within the knee are increased, the results are similar. Withrow et al.
(2006) intended to learn the effects of the forces from a single leg jump on the ACL, which are
much greater than the modest loadings from More et al. (1993). Since Withrow et al. (2006)
more closely replicated the forces found in the knee, they more accurately analyzed the injury
mechanism. A cadaver knee was used in conjunction with a mechanical apparatus that applied
approximately double-bodyweight forces to the knee joint, ranging from 1248 N to 1954 N
depending on the trial. The researchers found that the force on the quadriceps strongly correlated
with the strain on the ACL, with p < .00001. While not extensively discussed by the author, it
appeared that the tibial translation was strongly correlated with the ACL strain as well, as shown
in Figure 3.
Gender differences in hamstring activation have been identified. Malinzak et al. (2001)
tested men and women who performed a running protocol while their hamstring and quadricep
muscle activity was monitored. The women were found to have 17-40% greater quadricep
activation and up to 20% less hamstring activation than the men in the study. The differences
between genders in maximal contraction was accounted for by comparing their contractions
while running to their maximal contraction.
Other studies have indirectly investigated the effect of hamstring strength in protecting
the ACL. Weinhandl et al. (2014) found that there was an increased ACL load when the
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Figure 3
ACL Strain and Other Forces from a Single Leg Jump Simulation

Note: Withrow, T. J., Huston, L. J., Wojtys, E. M., & Ashton-Miller, J. A. (2006). The
relationship between quadriceps muscle force, knee flexion, and anterior cruciate ligament strain
in an in vitro simulated jump landing. The American Journal of Sports Medicine, 34(2), 269–
274. https://doi.org/10.1177/0363546505280906. Used with permission from Sage Journals.

H:Q WRESTLING STRENGTH RATIO

20

hamstring was fatigued. Bennett et al. (2008), however, did not find a connection between the
H:Q strength ratio and anterior tibial shear force, which is an indicator of ACL strain (McLean et
al., 2011).
Selection of the Conventional H:Q Ratio of 0.6
Of the investigators that describe the H:Q ratio among different populations, the majority of
them determine the ratio of 0.6 as the marker for whether the population is deficient (Bennett et
al., 2008; Myer et al., 2009; Orchard et al., 1997). As cited elsewhere, the initial authors to
suggest this ratio were Klein and Allman in 1969, who proposed it in order to establish a ratio
that would help prevent muscular strains (Balogun, 1987; Dibrezzo et al., 1985). Coombs &
Garbutt (2002) stated that the conventional value is 0.6, but also state that this value fails to
account for the position of the joint and whether the movement is concentric or eccentric.
Grygorowicz, M., Michałowska, M., Walczak, T., Owen, A. et al. (2017) performed a statistical
analysis to find what H:Q ratio had both the highest specificity and sensitivity for hamstring
strains. A cut-off value of 0.658 was identified, which is close to the conventional value of 0.6. It
is also worth noting again that this calculation was for hamstring strains, not ACL injuries.
Grygorowicz, M., Michalowska, M., Walczak, T., Grabski, J. et al. (2017) also specifically
analyzed the relationship between H:Q ratio and ACL injury. No significant relationship between
the H:Q ratio and ACL injury was found, but the value of 0.63 + 0.11 was calculated as a cut-off
value for H:Q ratio among this population.
H:Q Ratio Population Data in Male Sports
The H:Q strength ratio has been documented among collegiate and professional football
players, who have the highest rate of ACL tears in male sports as described earlier (Colby et al.,
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2000; Tatlıcıoğlu et al., 2019). However, the H:Q ratio among wrestlers has received much less
attention, with most literature focusing on populations of freestyle, elite level wrestlers or
adolescents (Camic et al., 2010; Polat et al., 2018). Elite wrestlers have been reported to have an
average H:Q ratio of 0.63 in their right leg and 0.6 in their left leg, while H:Q ratios in elite
football players are between 0.55 and 0.6 bilaterally (Grygorowicz, M., Michałowska, M.,
Walczak, T., Owen, A. et al., 2017; Polat et al., 2018). Housh et al. (1989) found a ratio of 0.63
among high school wrestlers. Roemmich & Sinning (1997) observed a ratio between 0.56 and
0.63 among adolescent wrestlers depending on the time with respect to the season.
H:Q Data in Collegiate Wrestling
A study describing the general H:Q strength ratio among folkstyle collegiate wrestlers
has not been identified at the time of this report. Freestyle wrestling is a style of wrestling that
allows for both upper body and lower body attacks in which wrestlers seek to wrestle the
opponent into a position of weakness inferior to the wrestler (Yard & Comstock, 2007).
Folkstyle wrestling is derived from freestyle wrestling, also including both upper and lower body
attacks, but differs in that it emphasizes controlling the opponent after achieving a dominant
position (Polat et al., 2018). An analysis of the strength ratio of folkstyle wrestlers would provide
more useful information than that of freestyle, due to the greater level of documentation for the
rate of ACL injuries among folkstyle wrestlers to compare the H:Q ratio to (Agel et al., 2016;
Otero et al., 2017). The purpose of this study was to analyze the H:Q strength ratio in male
collegiate wrestlers in order to investigate the ACL injury risk in this population.
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Methods

This study utilized a quasi-experimental study design. Five wrestlers from the men’s
wrestling team at Liberty University in Lynchburg, Virginia participated in this study.
Participants were required to be at least 18 years old, be currently on the roster, and not have any
musculoskeletal injury or surgery to the lower limbs in the past 6 months. Each wrestler signed a
consent form prior to the study, and participation in the research was on a voluntary basis.
After arriving at the testing site, the participants were fitted to the isokinetic machine.
Prior to testing, participants were asked their height, weight, age, dominant limb, and years of
experience in wrestling. Testing was performed on the Humac2015 NORM isokinetic machine
from CSMi, Stoughton, MA. Starting position was set with the tibia perpendicular to the ground
and the end position was set with the knee at full extension. Participants were verbally
encouraged during the test to maximize performance on the isokinetic machine. The participants
first performed 5 submaximal repetitions at 60 degrees per second to warm up. After the 5
submaximal repetitions at 60 degrees per second they rested 10 seconds and performed 5
maximal repetitions at 60 degrees per second. After resting 30 seconds, they performed 5
submaximal repetitions at 180 degrees per second to warm up again. After the 5 submaximal
repetitions they rested 10 seconds and then performed 5 maximal repetitions at 180 degrees per
second. The machine was then fitted for the other leg, and the same procedure at both speeds was
performed.
The first trial served to acclimate the participants to the machine which allowed for
participants to produce maximum output. This trial for both legs was repeated a second time.
Data were collected only from the second trial. The peak torque H:Q ratios for the left and right
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leg at both speeds as well as the anthropometric data was analyzed using SPSS software and was
expressed as average and standard deviation. The H:Q ratios from the dominant and nondominant limbs were compared with a paired sample T test to assess whether the H:Q ratios
between them were significantly different.
Results
General characteristics of the wrestlers are given in Table 1, and H:Q ratios are given in
Table 2. Peak torque values are given in Table 3. The paired samples T test results are shown in
Table 4. There was no significant difference in H:Q ratios between dominant and nondominant
legs with p = 0.909. The non-dominant limbs recorded higher peak torque in every category
except for hamstrings at 180 deg ∙ sec-1.
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Table 1
Descriptive Characteristics
Variables
Age (years)
Body mass (kg)
Height (cm)
Wrestling experience (years)

Mean + SD
20.4 + 1.6
93.2 + 23.6
178.3 + 10.5
7.6 + 4.5

Table 2
H:Q Ratio Characteristics
1
2
3
4
5

Variables
H:Q Right leg (60 deg ∙ sec-1)
H:Q Left leg (60 deg ∙ sec-1)
H:Q Right leg (180 deg ∙ sec-1)
H:Q Left leg (180 deg ∙ sec-1)

Mean + SD
0.787 + 0.075
0.838 + 0.069
0.883 + 0.087
0.914 + 0.120

Table 3
Peak Torque Characteristics
1
2
3
4
5
6
7
8
9

Variables
Dominant quadricep (60 deg ∙ sec-1)
Non-dominant quadricep (60 deg ∙ sec-1)
Dominant hamstring (60 deg ∙ sec-1)
Non-dominant hamstring (60 deg ∙ sec-1)
Dominant quadricep (180 deg ∙ sec-1)
Non-dominant quadricep (180 deg ∙ sec-1)
Dominant hamstring (180 deg ∙ sec-1)
Non-dominant hamstring (180 deg ∙ sec-1)

Mean + SD
120.8 + 29.0
122.8 + 35.0
97.2 + 20.9
100.4 + 32.0
74.8 + 20.1
79.0 + 20.6
74.8 + 18.2
71.0 + 19.6
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Table 4
Participant characteristics of comparison groups (mean ± SD)
Peak Torque
DOM
NON-DOM
p-value
-1
60 deg ∙ sec
0.811 ± 0.044
20.33 ± 1.63
0.909
180 deg ∙ sec-1
0.899 ± 0.074
0.899 ± 0.150
1.000
Note: SD: Standard deviation; DOM: Dominant leg; NON-DOM: Non-dominant leg
Discussion
To the researcher’s knowledge, this was the first study reporting on the peak torque
values in collegiate wrestlers. The H:Q ratios found in this study were much higher than what
was reported in other wrestling studies, ranging from 0.79 to 0.91 (Housh et al., 1989; Polat et
al., 2018; Roemmich et al., 1997). This indicates that the participants in this study were not at
risk for ACL injury based on the H:Q ratio. While the hamstring values were slightly higher than
other studies, the quadricep values appeared to be lower than those found in other studies. The
H:Q ratios in this study are also higher than the values found in other sports (Dibrezzo et al.,
1985; Grygorowicz, M., Michałowska, M., Walczak, T., Owen, A. et al., 2017; Myer et al.,
2009). The nature of wrestling is conducive to increased hamstring strength. Wrestlers move
around in a flexed hip hinge position, which places the hamstrings under load (Del Monte et al.,
2020). Additionally, wrestling involves many positions with significant knee flexion, which
mimics the muscle activation requirements of the squat. Squats require a co-contraction of the
hamstrings for stabilization, particularly around 90 degrees of flexion (Jensen & Ebben, 2000).
Thus, it would make sense that the H:Q ratio would be higher in the wrestling population.
Contralateral differences in leg strength were minimal among participants. The mean
peak torque values were within 5 Nm of each other, though the standard deviations were high.
Among collegiate football players, the leg strength discrepancy has been reported to be higher
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(Tatlıcıoğlu et al., 2019). Since the leg strength differences were minimal among the participants,
this is not a significant risk factor for this sample.
The mechanism of ACL injury is an area that requires further research. Only one study
was found documenting the mechanism of ACL injury among folkstyle or freestyle wrestlers
(Lightfoot et al., 2005). A common mechanism identified in this study and in the study on sumo
wrestling ACL injury was twisting on a planted foot. However, in running sports, the common
form of injury is from a large quadricep activation in combination with a valgus moment
(Krosshaug et al., 2007). Thus, among wrestlers, the significant stress on the ACL would be
rotational, rather than a shear force from quadriceps contraction. This suggests that risk factors
related to anterior shear, including the posterior tibial slope and PTTSA, are less effective in
predicting future ACL injury among wrestlers. The effect of the H:Q ratio on injury prevention
in this population is still unclear, since the hamstrings also contribute to the rotational control of
the knee (Jónasson et al., 2016). A recommendation for future studies is to investigate potential
risk factors for both shear and rotational stress within the knee, as well as a prospective design to
assess whether isokinetic data gathered prior to the wrestling season may be predictive of knee
injury over the course of a wrestling season.
One limitation of this study was the small number of participants who volunteered for
this study. Due to a large percentage of wrestlers on Liberty’s team with injuries to the lower
limbs within the past 6 months, only a few were qualified to participate in the study. Potential
sources of error that may account for the above average H:Q ratios include the calibration of
equipment, the effect of wrestling training on testing results, the small sample size, or the ROM
used for testing.
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In conclusion, although study outcomes suggest that wrestlers may have above average
H:Q ratios and similar quadricep and hamstring strength, additional research that incorporates
much larger sample sizes is necessary in order to validate these conclusions. Similarly, despite
the results of the current study indicating wrestlers may not be at an elevated risk for ACL
injuries based on H:Q ratio and contralateral strength discrepancy, further investigations utilizing
a greater sample size are required to help reveal whether these observed trends exist.
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